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The TSH-induced cyclic AMP response was studied using a 3-year-old ovine thyroid cell line TSH-indepen- 
dent for growth: OVNIS 5H. The kinetics of cyclic AMP production was followed both in cell layers and 
in cell culture media, with or without phosphodiesterase inhibitor. It is noteworthy that following the first 
wave in cyclic AMP obtained within minutes, we observed later a sustained exponential increase in cyclic 
AMP during the 5 days following TSH stimulation. A bioassay of TSH was derived allowing measurement 
of 1 &J/ml TSH from a crude bTSH preparation. 
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1. INTRODUCTION 
Thyrotropin (TSH), the physiological regulator 
of the thyroid gland, interacts with a cell surface 
receptor [l-3] and most of its physiological effects 
are cyclic AMP (CAMP) mediated [4]. The ex- 
perimental systems used to study TSH-receptor in- 
teractions and CAMP formation were thyroid slices 
[5], purified membranes [6], primary cultures of 
thyroid cells [7-l l] and an established TSH- 
sensitive cell line, FRTL-5 [12,13]. Recently we 
described [14,15] some characteristics of 2 ovine 
thyroid cell lines, OVNIS (mine ‘Nihil’ Serum) 
5H and OVNIS 6H, respectively grown in 5H 
medium and in 6H(5H + TSH) medium with 0.1% 
serum according to Ambesi-Impiombato et al. 
[ 161. OVNIS 5H cells maintained permanently in 
TSH-free medium are sensitive to bTSH stimula- 
tion according to the dramatic morphological 
changes into stellate-shaped cells [9,15] and 
positive modulation of o-Tgb production [ 15,171. 
To characterize further the OVNIS 5H cells we 
report here the TSH-induced modulation of CAMP 
levels. CAMP was followed in cells and media over 
a period of 5 days. It is noteworthy that following 
the first wave in CAMP expected from the effect of 
this polypeptide hormone we observed in this 
system of living thyroid cells in culture a sustained 
exponential increase in CAMP during the 5 days 
following TSH stimulation. As CAMP reached ex- 
tremely high values, a new bioassay of TSH was 
derived. 
2. MATERIALS AND METHODS 
2.1. Materials 
Ham’s F12 medium, newborn calf serum, tryp- 
sin (1: 250), penicillin, streptomycin, fungizone 
were supplied by Gibco (Paisley, Scotland). In- 
sulin, transferrin, hydrocortisone, crude bovine 
thyrotropin (1 U/mg) and 3-isobutyl-l-methyl- 
xanthine (MIX) were products of Sigma (St Louis, 
MO). Somatostatin and glycyl-L-histidyl-L-lysine 
acetate were purchased from Calbiochem-Behring 
(La Jolla, CA). All reagents were of analytical 
grade. CAMP assays were performed with a com- 
mercially available kit from Immunotech (Mar- 
seille, France) allowing measurement of CAMP 
levels at lo-l5 M [18]. 
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2.2. Cell culture 
The OVNIS 5H cell line used was isolated, 
characterized and grown according to Ambesi- 
Impiombato et al. [16] and Valente et al. [12]. In- 
sulin (10 fig/ml), transferrin (5 @g/ml), hydrocor- 
tisone (10 nM), somatostatin (10 ng/ml) and 
glycyl-L-histidyl-L-lysine acetate (10 ng/ml) were 
the 5 hormones (5H) added to replace serum [16]. 
TSH was completely omitted and serum (NCS) 
lowered to achieve 0.1% final concentration [15]. 
Subcultures were performed with a 1: 2 split ratio 
using Falcon 3013 F tissue culture flasks to grow 
cells and Costar 3524 24-well tissue culture clusters 
for CAMP assays. 
2.3. Cyciic AMP extraction and assay 
bTSH from stock solutions (x 100) was added 
24 h after the last medium change to reach 1 
mu/ml in kinetics experiments or increasing con- 
centrations from 0 to 100 mu/ml in bioassays of 
TSH. Incubations were carried out in duplicate 
with or without MIX (0.5 mM). At time indicated 
in section 3, cell culture media were decanted to 
allow CAMP measurements both in cell layers and 
in media. Perchloric acid (12%, w/v, final concen- 
tration) was added to cells or to cell culture media. 
After 24 h at 4”C, HCl04 extracts were collected 
and centrifuged (2000 x g, 4°C). Supernatants 
were neutralised with 3 M KHC03. After a second 
centrifugation (same conditions), CAMP was 
determined using an RIA kit [ 181 in duplicate or 
quadruplicate. CAMP present in cell-free media 
was subtracted from values obtained in cell- 
containing dishes. Total cell protein was deter- 
mined according to Lowry et al. [19]. Results were 
expressed as pmol cAMP/mg protein. 
3. RESULTS 
The kinetics of CAMP production in response to 
TSH stimulation (1 mu/ml) was first studied in the 
absence of any phosphodiesterase inhibitor. In 
fig. 1 are presented the results obtained in a typical 
3-day-long experiment (from 3 independent ex- 
periments). CAMP was evaluated separately in cell 
layers and in cell culture media. The first wave in 
CAMP, occurring in cells during the first 30 min 
after TSH stimulation (see inset, open circles), 
shows a IO-fold increase in CAMP concentration 
after 5 min. This first wave is followed by a 
288 
Fig. 1. Time course of CAMP production by the OVNIS 
5H cell line when incubated with 1 mu/ml bTSH in the 
absence of MIX. Data of a typical 3-day-long experi- 
ment: CAMP was estimated separately in cell layers 
(O---O) and in media (o---o). The abscissa and or- 
dinate are given using a log~ithmic scale. The first wave 
of CAMP occurring within minutes after TSH stimulation 
is represented in the inset, using a linear scale. Bars 
represent SD. Other values are an average of 2 deter- 
minations. Following the first wave of intracellular 
CAMP, an exponential increase in cAMP occurred. 90% 
of CAMP was found in media. 
decrease in CAMP occurring between 15 min and 5 
h. However CAMP increasing later exponentially, 
200-times the values observed at the beginning of 
the experiment were obtained in cells at day 3. The 
kinetics of cAMP concentrations in media is also 
shown in fig.1 (solid circles). High CAMP concen- 
trations were observed, representing 80-90% of 
total CAMP. CAMP did not vary very much during 
the first hour after TSH stimulation but later in- 
creased exponentially till day 3. cAMP was 170- 
times higher in media 3 days after TSH stimula- 
tion. 
In an attempt to improve this CAMP response 
we studied the time course of total CAMP (from 
cell layers + media) production when OVNIS 5H 
cells were stimulated with 1 mu/ml bTSH in the 
presence of 0.5 mM MIX. Data from one represen- 
tative experiment (3 independent experiments) are 
shown in fig.2. When cells were incubated with 
MIX alone, basal CAMP levels doubled after 1 h 
and increased till day 5 reaching 50-times the initial 
value (squares, lower curve). TSH alone (1 mu/ml) 
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Fig.2. Kinetics of total CAMP (from ceil layers + media) 
synthesized by OVNIS 5H cells when incubated either 
with MIX (0.5 mM) alone (tk---r~), TSH (1 mu/ml) 
alone (o---O) or TSH + MIX (o---o). Data of one 
typical 5-day-long experiment. In the abscissa and or- 
dinate, the same logarithmic scale as in fig.1 is used. For 
each time tested, 2 closely related dete~inations, ex- 
pressed as pmol cAMP/mg protein are given. The same 
profile as in fig.1 is obtained. The exponential increase 
of CAMP is maintained even after 3 days. On day 5, 
basal CAMP level was multiplied by 2000, when cells 
were incubated with TSH + MIX. 
gave the same CAMP profile previously mentioned 
in fig. 1. This profile is perfectly superimposed with 
the CAMP levels calculated by addition of CAMP 
from cells plus media given in fig.1. On day 4 
CAMP was 200-times higher than the initial levels 
(open circles). When TSH was used with MIX 
(respectively 1 mu/ml and 0.5 mM) the profile of 
CAMP production vs time was similar (solid 
circles, upper curve) but quantitatively much 
higher, CAMP reaching 2000-times the basal level 
on day 5. The fast increase in CAMP observed 
within minutes corroborates previous observations 
[8-10,131, but the tremendous levels of CAMP ob- 
tained after several days of culture allowed the 
development of a new bioassay. Total CAMP pro- 
duced by OVNIS 5H cells incubated with TSH and 
MIX was estimated after 3 days of stimulation. 
Fig.3 is a representative dose-response curve ob- 
tained with increasing doses of TSH ranging from 
1 ,uU/ml to 100 mu/ml. This typical bell-shaped 
curve was obtained at least in 10 independent ex- 
periments. As shown in the inset of fig.3, signifi- 
0 ti lo-’ lo-’ 1 10 100 bTSH mu/ml 
Fig.3. Total CAMP (from cell layers + media} expressed 
as pmol/mg protein vs increasing doses of bTSH. OVNIS 
5H cells were incubated with TSH + MIX for 3 days. 
A bell-shaped dose-response curve was obtained, with a 
positive TSH effect on CAMP production between I 
pU/ml and 10 mu/ml, followed by a negative effect be- 
tween 10 and 100 mU/ml. Maximal stimulation occurred 
for 10 mu/ml bTSH, resulting in a 400-times increase in 
CAMP. This bell-shaped dose-response curve was 
observed in 10 independent experiments. 
cant stimulation of CAMP (x 2) was obtained with 
1 pU/ml bTSH. The positive effect of TSH on 
CAMP production occurred between 1 pU and 10 
mu/ml. At 10 mu/ml TSH, CAMP values were 
400-times higher than the basal level. However, a 
negative relationship appeared for TSH concentra- 
tions higher than 10 mu/ml. 100 mu/ml was in- 
hibitory, CAMP levels being no greater than 
&&times the basal value. 
289 
Volume 194, number 2 FEBS LETTERS January 1986 
4. DISCUSSION 
In previous reports [ 14,15,17] OVNIS thyroid 
cells have been shown to be o-Tgb producing, 
TSH-sensitive cells, even after 3 years of perma- 
nent growth in culture. The permanence of thyro- 
globulin synthesis has been unequivocally demon- 
strated using RIA, SDS-PAGE, immunoelectro- 
phoresis, and sucrose gradient centrifugations 
[ 15,171. TSH sensitivity was demonstrated both at 
the morphological level [15] and recently on the 
modulation of thyroglobulin production [ 171. 
Here TSH induces 2 kinds of CAMP modulation. 
A first fast-forming wave of CAMP (2-5 min) 
which is transient and moderated, followed by a 
second increase in CAMP. The second stimulation 
is a long-term, sustained and significant effect. 
The first fast-forming wave of CAMP was observed 
in previous studies obtained with primary cultures 
of dog [9], hog [7,8,10], human [Ill thyroid cells 
or with the FRTL-5 cell line [ 12,131. But the 
tremendous exponential increase in CAMP (2000- 
times basal values) has not been observed in 
primary cultures of porcine thyroid cells [7,10] nor 
in any other cell culture system. Several hypotheses 
may be proposed to explain such results. For in- 
stance: (i) de novo TSH-induced synthesis of TSH 
receptors and/or adenylcyclase molecules; (ii) 
morphological modifications of TSH-stimulated 
cells in relation with the cytoskeletal system and 
protein-kinase activities, these modifications 
resulting in an orientation towards the medium of 
most TSH receptors which were previously oriented 
towards the plastic support; (iii) modulation in the 
processing of the TSH receptors in relation with 
new orientation of the plasma membrane domains, 
a hypothesis previously mentioned in the study of 
aminopeptidase N localization vs the expression of 
morphological differentiation of the thyroid cell in 
vitro [20,21]; (iv) lack of refractoriness to pro- 
longed TSH exposure [9,22]. Concerning this last 
hypothesis, it is obvious from our results that 
CAMP levels are regulated in cells during the first 
30 min after TSH stimulation. However, later, the 
cells apparently lose any control in CAMP produc- 
tion, the extracellular and the intracellular CAMP 
pools both increasing exponentially. All these 
results suggest hat TSH or CAMP could modulate 
the number of TSH receptors or the regulatory 
subunits or the formation of the receptor-cyclase 
complex in the membranes. 
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One consequence of this observation is the new 
bioassay developed here. The sensitivity of this 
bioassay is obviously very good since 1 PI-l/ml 
bTSH is detected, instead of 5 pU/ml [13]. The 
dose-response curves appear bell-shaped in all 
cases over 10 similar experiments. Bell-shaped 
curves have been previously obtained when iodide 
transport [13,23], iodide organification [23] or 
labelling of colonies with lz51 [24] were the index 
chosen. The surprising negative dose-response 
relationship could be explained by down-regulation 
of TSH receptors or by the fact we used a crude 
bTSH preparation. However bell-shaped curves 
have been obtained in human thyroid cell cultures 
by Dickson et al. [23] even with a highly purified 
TSH. 
Sincepreliminaryexperiments have demonstrated 
that OVNIS 5H cells are sensitive to purified 
human TSH, the system offers a putative clinical 
assay for the evaluation of thyroid-stimulating im- 
munoglobulins (TSI). 
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